Abstract: A series of 2-substituted and 2,3-disubstituted 5-cyanoindolizine derivatives were conveniently synthesized by a one-pot tandem reaction under mild conditions in moderate yields. The reaction mechanism was proposed.
Indolizine (pyrrolo[1,2-a]pyridine), one of the most important N-fused heterocycles, plays key roles in medicinal and materials chemistry [1] [2] [3] . The partially or more often wholly hydrogenated derivatives of indolizine can be frequently found as backbones in many bioactive natural products such as swainsonine or cryptowoline [4, 5] . Synthetic indolizines are potential inhibitors of vascular endothelial growth factor (VEGF), calcium entry blockers, potential central nervous system depressants, 5-HT3 receptor antagonists, phosphodiesterase V inhibitors, histamine H3 receptor antagonists, cardiovascular agents, and PLA2 inhibitors [6] [7] [8] [9] [10] [11] [12] [13] . They have also drawn much attention owing to their possible usage as dyes for dyesensitized solar cells (DSSC) or organic light-emitting devices (OLEDs) [14] [15] [16] [17] [18] [19] [20] [21] [22] .
During the last decade, many methods for the synthesis of indolizines had been explored [1] [2] [3] . Most strategies are still based on pyridine derivatives as starting materials because the pyridines are easily available via synthetic methods and more than 2000 of them are commercial products. In principle, the alternative approach toward assembling the indolizine core starting from a pyrrole derivative and building a six-membered ring is simply a mirror image of the previous concept. However, such a synthesis has been a challenge to realize. Numerous difficulties, including significantly fewer commercially available pyrrole derivatives, their low oxidation potential and, hence, their stability, are reflected in an overall smaller number of such synthetic strategies.
Cyano-substituted indoles are key building units embedded in lead compounds currently being developed as estrogen receptor ligands, hepatitis C virus inhibitors, or therapeutic agents for cardiovascular diseases [23] [24] [25] . Thus, the synthesis of compounds containing a cyano group is important. Previously, we reported a novel tandem reaction of α,β-unsaturated esters with aldehydes to synthesize indolizine, imidazo[1,2-a]pyridine, imidazo [1,5-a] pyridine, and pyrido[1,2-a]benzimidazole derivatives [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Herein, we expand the tandem reaction to synthesize 2-substituted and 2,3-disubstituted 7-cyanoindolizines under mild conditions. 4,5-Disubstituted 1H-pyrrole-2-carbaldehydes 1a-j were prepared per a literature method (Scheme 1) [28] . The desired 2-substituted and 2,3-disubstituted 7-cyanoindolizines 3a-j were obtained by the reaction of pyrrole-2-carbaldehydes 1a-j and 4-bromobut-2-enenitrile 2 in the presence of K 2 CO 3 in dry DMF at 70°C for 6-10 h. A variety of products 3a-j were obtained in good yields starting , an intermolecular displacement reaction occurs between pyrrole-2-carbaldehyde 1 and 4-bromobut-2-enenitrile 2. Then, deprotonation of the resultant adduct 4 followed by cyclization of the anion 5 generate intermediate product 6, which is a direct precursor to the final indolizine 3.
Experimental
All reagents and solvents were purchased from Sinopharm Chemical Reagent Co. Ltd. Thin-layer chromatography (TLC) was conducted on silica gel GF254 plates (Merck KGaA). 1 H NMR spectra (300 MHz) and 13 C NMR spectra (75 MHz) were recorded on a Bruker Avance 300 spectrometer, using CDCl 3 or DMSO-d 6 as solvents and tetramethylsilane (TMS) as an internal standard. IR spectra were recorded with an Avtar 370 FT-IR spectrophotometer (Termo Nicolet). Elemental analyses were performed on a Vario EL III (Elementar Analysensysteme GmbH) analyzer. Mass spectra were recorded on a Trace DSQ mass spectrometer. The high resolution mass spectra (HRMS) were recorded on an Agilent Q-TOF6510 spectrometer. Pyrrole-2-carbaldehydes 1a-j were prepared per the literature [36, 37] .
General procedure for the synthesis of 3a-j
To a 100-mL round-bottom flask were added 1a-j (6.0 mmol), enoate 2 (7.2 mmol), potassium carbonate (1.60 g, 12.5 mmol), and DMF (30 mL). The mixture was stirred at 70°C for 6-10 h and then filtered. The filtrate was concentrated by rotary evaporation. The crude products were purified by column chromatography eluting with EtOAc/ hexane (1:5). 
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